Introduction
============

Aging is often accompanied by physiological changes that can lead to decline in physical and cognitive capacities, often resulting in loss of autonomy or institutionalization. In the last 20 years, a large body of research has been oriented toward finding effective ways to enhance cognitive functioning in older adults or to prevent cognitive decline. Among them, physical exercise and cognitive training have demonstrated important benefits for cognitive functioning in the older adult population.[@b1-cia-11-1287]--[@b3-cia-11-1287] However, only recently have researchers investigated the potential synergetic effect of combining more than one approach for preventing cognitive decline and enhancing cognitive abilities. The present study aims at examining the effects of the combination of a physical training regimen and a cognitive training intervention on cognitive performance in healthy older individuals.

Many cross-sectional[@b4-cia-11-1287]--[@b6-cia-11-1287] as well as longitudinal studies[@b7-cia-11-1287] have reported that physical activity is associated with better cognitive functions. A meta-analysis of prospective studies recently reported that regular practice of physical activity was associated with a 35%--38% reduction in the risk of cognitive decline and dementia.[@b8-cia-11-1287] Results from intervention studies provide additional support to the notion that physical exercise can lead to cognitive improvement in older adults. Significant improvements in cognition after aerobic exercise have been reported,[@b9-cia-11-1287] and it seems that some executive functions appear to benefit more from physical training than other cognitive functions.[@b10-cia-11-1287]--[@b13-cia-11-1287] Brain imaging studies have reported an association between exercise intervention or regular practice of exercise and repletion of brain volume loss and increased activation in frontal and parietal cortices.[@b14-cia-11-1287],[@b15-cia-11-1287] Increase in cardiovascular fitness has largely been identified as a fundamental mechanism for the cognitive enhancement,[@b16-cia-11-1287] but increasing evidence suggests that strength training also exerts beneficial physiological transformations that can boost cognition.[@b17-cia-11-1287]--[@b19-cia-11-1287] Thus, the most recent approaches in designing physical intervention studies lean toward mixed programs that combine aerobic and resistance training regimens.

Several studies have reported increased cognitive performance after cognitive training in older adults,[@b20-cia-11-1287]--[@b22-cia-11-1287] although the extent to which the benefits transfer to nontrained tasks is still a matter of debate.[@b23-cia-11-1287],[@b24-cia-11-1287] Nevertheless, it seems safe to suggest that computerized cognitive training represents an effective way to improve specific cognitive functions or mechanisms. In its more general format, computerized cognitive training uses structured training programs with appropriate feedback to induce improvement in a specific task. It is generally assumed that observing improvement in a transfer task, different than the one used for training, suggests skill learning or improved cognitive functions or process, beyond the learning of a simple stimulus--response association. Many studies have reported that cognitive training can improve a variety of cognitive abilities or processes, such as memory,[@b25-cia-11-1287]--[@b27-cia-11-1287] working memory,[@b28-cia-11-1287],[@b29-cia-11-1287] attention and speed of processing,[@b30-cia-11-1287],[@b31-cia-11-1287] and executive control.[@b23-cia-11-1287],[@b32-cia-11-1287],[@b33-cia-11-1287]

Accumulating evidence thus suggests that physical exercise interventions and cognitive training can boost cognitive function in older adults. However, a limited number of studies have looked at the additional or interactive effects of both types of training in a single trial, and many of them were conducted with a cognitively impaired population.[@b34-cia-11-1287]--[@b36-cia-11-1287] From a preventive perspective, it seems important to examine the effects of combined interventions on the cognitive performance of healthy older adults. Combined training intervention studies that were conducted with healthy older participants have led to mixed results so far. Some studies showed evidence for significant benefits of the combined condition over the single-domain training[@b37-cia-11-1287] and even sustained gains in cognitive performance for the combined training group 5 years after the termination of the intervention.[@b38-cia-11-1287] On the other hand, other studies reported no additional cognitive enhancement after combined training when compared to cognitive training alone.[@b39-cia-11-1287],[@b40-cia-11-1287]

Taken together, results from intervention studies combining both physical and cognitive training remain equivocal in terms of potential added value of doing both physical and cognitive training rather than each one alone. The heterogeneity of study designs and type of physical and cognitive training likely explain these mixed results. One important factor that could greatly contribute to heterogeneity is that most cognitive interventions were multicomponent by nature, targeting several cognitive domains or functions, some of which are less sensitive to physical activity intervention (eg, memory) than others (eg, executive control). Literature has shown that both physical exercise and cognitive training interventions seem to be particularly effective in improving executive functions.[@b10-cia-11-1287],[@b28-cia-11-1287],[@b41-cia-11-1287],[@b42-cia-11-1287] Executive functions are frontally mediated functions involved in complex goal-oriented behavior that encompasses different mechanisms, such as inhibiting an automatic response, alternating between multiple tasks, updating information in working memory, and coordinating several tasks.[@b43-cia-11-1287] It has been reported that executive functioning can be altered early in the course of aging, and this has often been recognized as a significant predictor of preserved instrumental activities of daily living, such as preparing meals, managing finances, doing housework, and taking medications.[@b44-cia-11-1287]--[@b48-cia-11-1287] These functions thus play an essential role in independent functioning in older adults. Among executive functions, the ability to coordinate several tasks, which implies to divide the attention on multiple tasks, has received a great amount of interest in the past decades, especially in older adults. Attention-sharing abilities decline with age[@b49-cia-11-1287],[@b50-cia-11-1287] but are still required in a variety of everyday tasks. In fact, divided attention is involved in complex motor tasks, such as walking, and deficits in the ability to coordinate several tasks are associated with increasing risk of falls.[@b51-cia-11-1287],[@b52-cia-11-1287] Improving executive control of attention would therefore be a promising way to foster autonomy and well-being among aging individuals and should thus be a primary focus in intervention studies. However, trials conducted so far have not put forward executive functions as the main target for cognitive and physical training. Moreover, the training regimens were not always based on validated and published approaches. In the present study, a dual-task (DT) training was chosen as the cognitive training because of its effectiveness in improving executive control of attention. In fact, studies involving a DT paradigm have demonstrated a training-induced improvement in attention-sharing abilities in older adults with transfer in similar untrained tasks.[@b32-cia-11-1287],[@b33-cia-11-1287],[@b53-cia-11-1287]--[@b55-cia-11-1287] Furthermore, while many studies have reported near transfer (to a task with similar response requirements), a recent study accounted for a more distal transfer after five sessions of DT training, with transfer effects extending to an untrained task that involved different stimuli and response modalities.[@b56-cia-11-1287]

In addition, the implementation of active control conditions is of major importance in intervention studies to ensure that observed effects are driven by the active ingredient of the training rather than any other feature of the intervention. Some studies conducted thus far have compared intervention groups with passive control groups that remain on a waiting list and do not interact with the other participants or the experimenters during the intervention period.[@b40-cia-11-1287] This leads to increased social interactions for the training groups compared to controls.[@b57-cia-11-1287] Controlling exposure to social interaction is paramount especially if the combined interventions lead to greater social interaction (up to twice as much in some studies) than each condition alone, as was the case in previous reports.[@b37-cia-11-1287],[@b39-cia-11-1287] These questions have already been raised by Rahe et al,[@b58-cia-11-1287] but their nonrandomized combined intervention with two small groups (cognitive training and combined cognitive and physical training) did not address adequately these limitations.

In the present study, two active control conditions were designed for both the physical and the cognitive training interventions. We used a 2×2 factorial design to create four possible combinations of conditions. By doing so, we ensured that every participant received the same amount of social interaction and exposure to laboratory environment and staff in each condition of the study. In addition, the cognitive intervention targeted only one domain (executive control) and function (DT) and was based on an extensive literature supporting its efficacy to improve attentional control.[@b32-cia-11-1287],[@b33-cia-11-1287],[@b53-cia-11-1287]--[@b55-cia-11-1287] The mixed aerobic and strengthening physical training was also designed based on previous studies, suggesting its enhancing effects on cognition.[@b59-cia-11-1287] The goal of the study was to examine the potential synergetic effect of a combined physical and cognitive intervention on fitness and neuropsychological outcomes in a sample of healthy sedentary older adults. It was hypothesized that combined physical exercise and cognitive training targeting DT processing would lead to better executive functioning than each intervention alone.

Methods
=======

Participants
------------

Participants were recruited from public advertisements (flyers and newspapers) and from the research center's participant pool. A telephone-based screening interview was used to assess the eligibility of each candidate. Exclusion criteria were as follows: history of neurological disease or major surgery in the year preceding the study, auditory or visual impairments that were not corrected, smoking, severe mobility limitations, and any other contraindication to perform physical activity, being currently engaged in any type of structured physical activity. A total of 136 community-dwelling individuals, 60 years and older, were enrolled in this trial. Eleven participants withdrew prior to the first pretest assessment, leaving 125 participants in the sample.

Among the 125 participants who were enrolled in the study, 91 participants completed the program. Among those, three participants failed to participate in the posttest evaluations and two participants had invalid data due to illness at posttest examinations and were thus excluded from analyses. Finally, ten participants were excluded due to high score on the geriatric depression scale[@b60-cia-11-1287] (score \>11, a score suggestive of mild or moderate depression), leaving 76 participants in the final sample. [Table 1](#t1-cia-11-1287){ref-type="table"} summarizes participants' baseline characteristics. The study was approved by the ethical review board of the Research Center of the Institut universitaire de gériatrie de Montréal and all participants provided written informed consent.

### Medical evaluation and cognitive screening measures

Participants underwent an exhaustive medical assessment conducted by a geriatrician. Multiple medical conditions related to cardiovascular, pulmonary, musculoskeletal and gastrointestinal disorders were identified as present or absent. For the scope of the present study, only cardiovascular risk factors, known to influence the integrity of brain structures and functions, are presented. Based on a previous study,[@b61-cia-11-1287] a cardiovascular risk score that represents the sum of the following conditions was computed: hypertension, dyslipidemia, diabetes, angina, heart failure, arrhythmia, myocardial infarction, valvular disease, stroke/transient ischemic attack, abnormal body mass index (≥30 kg/m^2^), and abnormal waist circumference (\>102 cm for men and \>88 cm for women). Cognitive screening included a measure of global cognition (mini-mental state evaluation),[@b62-cia-11-1287] a measure of verbal concept formation (similarities subtest of the Wechsler Adults Intelligence Scale III \[WAIS-III\]),[@b63-cia-11-1287] a measure of processing speed (Digit Coding subtest of the WAIS-III), and a measure of short-term and working memory (Digit Span subtest of the WAIS-III).

Protocol
--------

All participants completed one of the four combinations of physical exercise and cognitive training programs. The physical exercise component was either a mixed aerobic and resistance (AR) training program or its control condition composed of stretching and toning (ST) exercises. The cognitive component was either a DT training program (DT) or computer lessons (CL) as a control condition. The study was carried on in waves of 16--32 participants randomly assigned to one of the four training combinations using the website [randomization.com](http://randomization.com). The training took place in the subgroups of 4--8 participants at a time.

### Intervention

The intervention consisted of three sessions per week for a duration of 12 weeks, which included two 60-minute sessions of physical exercise interspersed by one 60-minute cognitive stimulation session, for a total of 24 physical training sessions and twelve cognitive training sessions. Participants were considered as having completed the training program if they attended to a minimum of 75% of the training sessions in each type of training, that is, a minimum of 18 physical exercise sessions and nine cognitive training sessions.

#### Physical training

The physical exercise training programs took place in a gymnasium located in a geriatric hospital institution and were supervised by a certified kinesiologist.

##### Mixed AR training

The AR training program was primarily intended to increase the participants' cardiorespiratory fitness and lower body muscle strength. Each 1-hour session started with a 5-minute warm-up, followed by a 15-minute resistance training using resistance cables and targeting multiple lower body muscle groups (quadriceps, hamstrings, hip extensors and flexors, ankle plantar flexors, etc). Then participants were taking part to the 30-minute cardiovascular training portion on a treadmill, during which they were asked to walk and maintain a moderate-to-high intensity of effort on the Borg scale of perceived exertion.[@b64-cia-11-1287] The intensity of exercise gradually increased over the sessions by augmenting the slope of the treadmill and the resistance of the cables. The kinesiologist constantly monitored the level of effort and tiredness of participants in order to adjust exercise intensity accordingly. The session ended with a 5-minute cool down period.

##### ST exercises

This program involved a series of exercises aiming at improving flexibility and general motor skills without a specific focus on increasing cardiorespiratory capacity or strength. After a 5-minute warm-up on the machine of their choice, participants performed stretching exercises, based on Stanziano et al,[@b65-cia-11-1287] that targeted the entire body for 50 minutes. A large part of the exercises were performed in a seated position. The session ended with a 5-minute relaxation session on a yoga mat.

#### Cognitive training

##### DT training

Each weekly session of DT training took place in a room with ten computer stations and was supervised by a student in neuropsychology. Participants were trained on a computerized visual DT analog to the one used in several previous studies.[@b32-cia-11-1287],[@b54-cia-11-1287] The task consisted of two visual discrimination tasks performed separately and concurrently. The first task was a number discrimination task (3, 5, and 8), and the second was a shape discrimination task (circle, square, and diamond). Participants had to respond to the number or shapes presented on the screen with a key press on the appropriate button identified on the keyboard. The DT was made of four different blocks, each containing different types of trials. Each task was performed alone in the two first blocks, named single pure (SP) blocks (numbers and then shapes). In the single mixed (SM) blocks, participants still had to perform one task at a time, but they were unaware of the nature of the stimuli that would appear on the screen (number OR shape) at each trial. Finally, in the dual mixed (DM) blocks, the two tasks had to be performed at the same time at each trial. Participants were instructed to avoid prioritizing one task over the other and to provide an answer using the keyboard as quickly and accurately as possible. Each training session involved 72 SP trials, 240 SM trials, and 864 DM trials. The training task provided continuous feedback of performances during the DM blocks. Feedback was provided with a histogram that changed color (green, yellow, and red) to inform participants on their response speed. The goal was to maintain the bar of the histogram in the green zone and to avoid it becoming red. The color of the histogram is determined by the average reaction time of the last three trials of the DM block that is compared to the median reaction time of the SM block. Thus, when the average reaction time of the three previous trials is closer to the median reaction time of the SM block, the histogram became green. In addition to this continuous feedback on speed, a histogram informing on the progression with regard to speed and accuracy was presented on the screen at the end of each session. Such adapted and continuous feedback represents a hallmark of effective cognitive training because it favors the acquisition of a skill rather than promoting a specific stimulus-response mapping through extensive practice.

##### CL

The CL condition consisted of introductory exercises to computers and diverse software (eg, Word and Excel), as well as an initiation to Internet (search engines, web sites, online games, etc). These sessions took place in the same computer room as the DT training program and were taught by a student in neuropsychology.

### Outcome measures

Participants took part in three pretest evaluation sessions within a 2-week interval before the beginning of the intervention. Medical and screening cognitive measures were collected in the first session, neuropsychological assessment was completed during the second session, and physical functioning tests took place in the third session. Two posttest evaluation sessions (neuropsychological and physical assessments) were completed within 2 weeks following the training programs. The evaluators at both pretest and posttest were blind to the group membership of participants.

#### Neuropsychological assessment

Neuropsychological assessment targeted memory, processing speed, and executive functions (see Lezak et al[@b66-cia-11-1287] for an exhaustive description of each test): 1) The Rey Auditory-Verbal Learning Test assesses verbal learning and retrieval. A list of 15 words is read by the examiner, and the participants are asked to repeat the maximum number of words afterward. There are five successive trials. A second 15-word list is then presented for one trial, in order to create interference. After this single trial, participants are asked to retrieve a maximal number of words from the first list. To evaluate long-term retention, participants have to recall the words from the first list after a 30-minute delay. Measures selected from this test are the total number of words retrieved over the five trials, the number of words recalled after interference, and the number of words recalled after delay. 2) The Color-Word Interference Test (CWIT) of the Delis--Kaplan Executive Functions System^67^ is based on the Stroop procedure.[@b68-cia-11-1287] The test includes the following four conditions: a) color naming of colored rectangles, b) reading of color words printed in black ink, c) inhibition of reading for naming incongruent ink colors in which color words are printed in, and d) switching between reading and color naming of color words printed in an incongruent ink color. This test assesses the speed of processing for the former two conditions and executive functioning (inhibition and switching or cognitive flexibility) for the latter two conditions. Time to complete each condition and number of errors were recorded. 3) The trail-making test (TMT)[@b69-cia-11-1287] is composed of two parts. In part A, participants are asked to link numbers from 1 to 25 in serial order as quickly as possible. This portion assesses the speed of processing. Part B assesses task-switching abilities. Participants have to alternatively link numbers and letters (1--A--2--B--3--C, etc) as fast as they can. Time to complete each part and number of errors are recorded. 4) The Baddeley DT[@b70-cia-11-1287] was used to assess the divided attention abilities and is composed of the following two tasks performed alone, and then together: a) a cancelation task in which a maximum of Xs are traced along a path in 120 seconds and b) a digit span task in which participants have to repeat series of digits during 120 seconds. A DT index is then computed using a specific equation suggested in the scoring manual. A lower score on this index indicates greater DT interference, that is, poorly divided attention performance. The neuropsychological assessment lasted \~1 hour.

#### Physical and functional assessment

Physical and functioning tests included the 6-minute walk test (6-MWT),[@b71-cia-11-1287] the modified physical performance test (PPT),[@b72-cia-11-1287] the timed up and go (TUG),[@b73-cia-11-1287] handgrip strength, and chair stand. The 6-MWT is a self-paced walking test in which participants must travel the longest distance possible in 6-minute time. The PPT includes nine tasks rated from 0 to 4 points, for a maximum score of 36. The following seven tasks were timed: 15 m walk, put on and remove a coat, pick up a coin on the floor, stand up from a chair (five times), pick up a heavy book from a shelf, climb nine stairs and standing balance with feet side-by-side, and semitandem and tandem positions. The two nontimed tasks are as follows: performing a 360° turn and climbing up and down four flights of stairs. In the TUG, participants had to stand up from a chair and walk 3 m in a straight line, then around a cone, and 3 m back to sit down on the chair, as quickly as possible. Handgrip strength was assessed with a hand-held dynamometer (Smedley-type hand dynamometer; ERP, Laval, QC, Canada). The best of three trials with the dominant hand was recorded. In the chair stand test, maximum chair stands in 30 seconds was performed and used as a proxy of lower extremity strength. The total duration of the physical assessment was \~45 minutes.

Data analyses
-------------

Repeated-measures analyses of variance (2×2×2), with physical training (AR vs ST) and cognitive training (DT vs CL) as between-subject factors and time (pretest and posttest) as a within-subject factor, were performed on physical and neuropsychological outcomes. We looked at the main effect of time to assess change from pretest to posttest for each measure. A physical training × time and/or a cognitive training × time interaction would suggest a beneficial effect of one or both types of training on physical and/or cognitive performance. A physical training × cognitive training × time interaction would be considered as a demonstration of a synergetic effect of physical training and cognitive training on physical and/or cognitive performances. Pretest and posttest raw scores on physical functioning tests are presented in [Table 2](#t2-cia-11-1287){ref-type="table"}, and scores on neuropsychological measures are presented in [Table 3](#t3-cia-11-1287){ref-type="table"}. The alphas of 0.05 are considered significant, and all follow-up analyses were Bonferroni corrected.

Results
=======

Given that there was a significant difference in geriatric depression scale score between physical training groups ([Table 1](#t1-cia-11-1287){ref-type="table"}), this measure was added as a covariate in all analyses. The physical training × cognitive training interaction was not significant for any of the variables at baseline, hence *P*-values of the interaction are not reported in [Table 1](#t1-cia-11-1287){ref-type="table"}. In the following sections, only significant results are summarized, with follow-up analyses for significant interactions.

Intervention effects on physical performance
--------------------------------------------

There was a main effect of time on the 6-MWT, *F*(1, 71)=10.70, *P*=0.002, *η*^2^~p~=0.131, and on the PPT, *F*(1, 71)=11.55, *P*=0.001, *η*^2^~p~=0.140, and no interaction effect, suggesting equivalent improvement in all groups. Handgrip strength and TUG did not significantly improve after intervention. A physical training × time interaction was revealed for the chair stand test, *F*(1, 71)=16.80, *P*\<0.001, *η*^2^~p~=0.191, due to a greater improvement after intervention in the AR group, *F*(1, 37)=58.83, *P*\<0.001, *η*^2^~p~=0.614, than in the ST group, *F*(1, 37)=16.70, *P*\<0.001, *η*^2^~p~=0.311. The physical training × cognitive training × time interaction was not significant.

Intervention effects on cognitive performance
---------------------------------------------

Results show a main effect of time on part A of the TMT, *F*(1, 70)=7.87, *P*=0.007, *η*^2^~p~=0.101, and the inhibition condition of the CWIT, *F*(1, 71)=6.52, *P*=0.013, *η*^2^~p~=0.084, indicating a significant improvement after intervention for all groups. A cognitive training × time interaction was observed for the switching condition of the CWIT, *F*(1, 71)=7.21, *P*=0.009, *η*^2^~p~=0.092. Simple effects analysis indicates a significant improvement after intervention in the DT group, *F*(1, 41)=4.85, *P*=0.033, *η*^2^~p~=0.106, whereas the CL group did not improve after intervention, *F*(1, 33)=2.20, *P*=0.148, *η*^2^~p~=0.062.

Relationship between physical and cognitive performance after intervention
--------------------------------------------------------------------------

Multiple hierarchical linear regression analyses were conducted to explore the relationship between physical and cognitive performances after intervention. Results from repeated analysis of variances were used as a guide to select relevant physical measures to include as predictors and cognitive measures to include as outcome variables. Thus, only physical and cognitive measures that showed a significant change after intervention (any significant effect involving time) were selected in these exploratory analyses.

For each regression, age, years of education, and sex were included in a first block of independent variables because these parameters are known to be determinants of cognitive performance. The posttest scores of the PPT, the 6-MWT, and chair stands showed a significant change after intervention and were then included in a second block of predictors to assess the relationship with cognitive performance when age, education, and sex are controlled for. Three cognitive scores showed improvement after intervention, that is, part A of the TMT, as well as inhibition and switching conditions of the CWIT, and were selected as outcome variables. We thus conducted three regression analyses, one for each of these posttest outcome measures.

For each block, the significance of the *F* ratio is considered to see if each set of predictors explains a significant portion of the variance. The magnitude of the standardized *β*-coefficients is also considered to understand the relative contribution of each independent variable in explaining cognitive performance after intervention.

[Table 4](#t4-cia-11-1287){ref-type="table"} presents summary results of the three hierarchical regressions. Neither sociodemographic factors nor posttest physical measures explained a significant proportion of the variance of posttest RT of part A of the TMT and posttest RT in inhibition condition of the CWIT. However, age, sex, and education (Model 1) explained a significant 24% of the variance of RT in part A of the TMT, *F*(3, 72)=7.729, *P*\<0.001. More interestingly, the addition of the posttest physical measures explained an additional 11% of the variance in Model 2, *F*(6, 69)=6.403, *P*\<0.001.

Examination of regression coefficients reveals that age is significantly associated with posttest scores of the switching condition of the CWIT, *β*=0.316, *P*=0.006, as well as the distance traveled in the 6-MWT at posttest, *β*=−0.366, *P*=0.003.

Discussion
==========

The present study assessed the effect of a 12-week physical and cognitive training using a 2×2 factorial design where each intervention (AR and DT) had its own active control condition (ST and CL), leading to four training combinations. In terms of physical performance, all groups showed equivalent improvements in measures of functional capacity, that is, the 6-MWT and the PPT. However, only the AR condition has led to significant improvements in lower body strength, estimated with the chair stand test, independently of cognitive training. As for the cognitive outcomes, all groups showed an improved speed of processing (TMT-A) and inhibition abilities (CWIT-Inhibition), but only participants of the DT training groups, independently of physical training, showed increased task-switching abilities (CWIT-switching). In addition, the level of functional mobility after intervention was significantly associated with task-switching abilities.

Overall, AR training and ST seem to have promoted changes in functional mobility. Both training regimens exerted a beneficial effect on mobility measures like the 6-MWT, as well as on the modified PPT. The ST condition was developed as an active control condition for the AR training. However, we have probably underestimated the potential gains of stretching exercises on our primary outcome measures in a sample of sedentary older adults. Other studies have shown that stretching training can augment gait speed and agility in older women[@b74-cia-11-1287] and can also increase the range of motion, leading to better functional mobility.[@b65-cia-11-1287] The equivalent improvements over time in all groups in the 6-MWT and the PPT could be explained by the positive effects of both AR training and ST on functional capacity through different mechanisms. It is also worth pointing out that the movement required to attend training sessions three times a week at the geriatric institute where the study took place may have been sufficient to improve mobility in sedentary participants, as many of them were taking public transportation (subway and bus) to come to their training sessions. Whereas both physical training conditions improved gait speed and physical functional capacities, the AR training condition has led to a greater improvement in lower body strength, as measured with the chair stand test, when compared to the ST group. Thus, the resistance training portion of the AR training condition seems to have led to increased muscle strength, a physical performance outcome that has been associated with cognitive health in older adults.[@b75-cia-11-1287]

The beneficial effect of physical exercise alone on executive functioning has been partly reproduced in this study. Previous literature has emphasized the sensitivity of frontally mediated cognitive functions to physical exercise interventions.[@b10-cia-11-1287],[@b16-cia-11-1287] More specific mechanisms that fall under the executive functions umbrella appear to respond differentially to physical training. In fact, in Barenberg et al's[@b13-cia-11-1287] review, both short- and long-term physical activity interventions yielded improvement in inhibition, whereas only long-term training programs have led to improvement in DT coordination and shifting. Along the same line, Predovan et al[@b76-cia-11-1287] suggest that switching abilities can be improved after 12 weeks of aerobic training, three times a week. Yet, in the present study, all groups showed improvements in inhibition after intervention, and AR training alone did not lead to improvements in task switching. While these results do not fully support the existing claim that executive functioning can be improved by physical training, the fact that the training regimen of stretching exercises has led to improvements in overall mobility suggests that all participants may have benefited from the physiological changes elicited by physical activity, regardless of the type of training, and that these changes may have promoted better cognitive functioning in terms of processing speed and inhibition. At the same time, our results raise the question about the minimal amount of physical training, regarding intensity, frequency, or total duration, that is necessary to induce changes in cognitive performance, especially in some executive mechanisms, such as task switching. Whereas many studies have implemented physical training programs three times a week for at least 12 weeks, our physical training intervention was reduced to two times a week for 12 weeks to allow for the addition of a cognitive intervention, hence it is possible that this resulted in an insufficient frequency of exercise. Furthermore, it is possible that the moderate intensity of the exercise was not optimal, as some studies suggest that high intensity exercise is more likely to produce cognitive enhancement.[@b77-cia-11-1287]--[@b79-cia-11-1287] Nevertheless, the level of mobility after intervention, measured with the 6-MWT, was strongly associated with task-switching abilities, therefore suggesting a relationship between improved physical functioning and cognitive performance after intervention.

One of the interesting results stemming from this study is the presence of transfer effects on executive functioning after DT training. Dual tasking entails coordination of two tasks that have to be performed concurrently. Many studies have demonstrated that this specific ability to coordinate two tasks can be improved after training,[@b32-cia-11-1287],[@b53-cia-11-1287],[@b56-cia-11-1287],[@b80-cia-11-1287] but the extent of the transfer effect has mostly been observed with similar untrained tasks that involve different stimuli, often referred to as near transfer. Evidences for far transfer, referring to the training-induced improvement in untrained tasks with fairly different features, exist in the literature[@b30-cia-11-1287],[@b81-cia-11-1287] but still remain scarce. In the present study, participants who took part to the DT training reduced significantly their completion time in the switching condition of the clinical Stroop task (CWIT). This condition presents color words written with incongruent ink colors (eg, the word "blue" printed in red ink) and requires shifting attention throughout the task from the color of the ink (color naming) to the semantic meaning of the word (reading) according to a visual cue. The task-switching abilities involved in this condition are different from the DT processing, as it does not require to perform two tasks simultaneously. However, DT processing and task switching require attentional control and share a certain amount of variance.[@b43-cia-11-1287] As these tasks heavily rely on the integrity of the frontal cortex, it could be argued that enhanced DT processing may have led to brain plasticity mechanisms or adaptations that also favor task-switching capacities. Such transfer effects from one executive task to another after DT training had previously been observed.[@b82-cia-11-1287]

Results of the present study did not yield significant additional benefits from combining physical training and cognitive training. These results seem at odd with previous studies using combined interventions. In fact, Fabre et al,[@b37-cia-11-1287] with only eight participants per group, have shown larger improvements in memory performance after 2 months of combined aerobic and cognitive training when compared to single condition. Oswald et al[@b38-cia-11-1287] have further demonstrated a sustained positive effect of combined training on cognitive performance 5 years after the termination of their trial when compared to no treatment control group. However, it is worth noting that participants in this latter study were not randomly assigned to experimental conditions and that no measures of lifestyle habits were taken during the follow-up period, thereby suggesting that individuals involved in the combined condition were perhaps already physically and cognitively active as well as free of medical concerns and were thus more likely to maintain this active lifestyle in the long term. In-line with our results, Linde and Alfermann[@b40-cia-11-1287] and Shatil[@b39-cia-11-1287] did not show additional benefits on cognitive outcome measures of adding a physical training component to a cognitive training. Comparisons to a no treatment control group in studies conducted so far hold alternative explanations for the beneficial effects of training, because only the intervention groups received significant amounts of interpersonal contact with other participants as well as with experimenters. Moreover, participants from combined intervention groups received up to twice as much intervention time than each training group alone. This is not a trivial issue since social engagement has been identified as a valid buffer against cognitive decline[@b83-cia-11-1287],[@b84-cia-11-1287] and dementia[@b85-cia-11-1287],[@b86-cia-11-1287] and may thus explain at least in part the cognitive enhancement effect observed in these studies.[@b87-cia-11-1287] In the present study, each intervention group received the same amount of social interactions, the only difference being the type of training program. Results from the present study are partly in-line with another randomized controlled trial involving 126 older adults with subjective cognitive impairment. The authors used a similar factorial design with active control groups and observed no significant beneficial effects of combining physical exercise with cognitive training.[@b88-cia-11-1287] They further excluded the hypothesis of practice effects by comparing cognitive improvements observed in their study with an additional no treatment control group that showed significantly less cognitive improvement than the intervention groups. However, in the present study, the absence of a no treatment control group precludes definitive conclusions about a potential test--retest effect to explain the results. Nevertheless, the selective ameliorations in certain physical and cognitive domains observed only in participants who completed the DT training program or the AR training program strongly suggest a training-induced selective improvement in these outcome measures rather than a general practice effect.

Limitations of this study include the lack of a no treatment control group that could have excluded the potential test--retest effects in explaining changes in physical and cognitive functioning. Furthermore, it is difficult to assess the specific effect of the AR training condition on cardiorespiratory fitness due to the lack of an objective measure, such as VO~2~max. The objective assessment of cardiorespiratory fitness could have help clarify the contribution of increased cardiorespiratory fitness in the improvement of functional mobility. The use of neuropsychological tests for assessing cognitive functioning in our cognitively healthy sample may also have prevented the finding of more subtle cognitive changes that experimental tasks could have more easily captured. Also, the small number of men included in the study, as well as their unequal distribution among groups due to randomization, precludes analyses of sex differences in the effects of the interventions. Finally, the absence of synergetic effect between physical and cognitive function leaves unanswered the fundamental question about possible interactions between both types of interventions. It is possible that this synergetic effect does not exist, or else that different parameters of exercise and cognitive stimulation could have led to an interaction. The addition of a follow-up assessment many months after the interventions could have revealed stronger gains in the combined intervention, as suggested by Rahe et al[@b58-cia-11-1287] who showed significant benefits of combined training on attention only at the 1-year follow-up assessment.

An interesting avenue in the study of synergetic effect would be to look at the effect of simultaneous (instead of sequential) cognitive and physical activities on cognitive performance. Simultaneous training involves practicing a physical task and a cognitive task at the same time in order to create a motor-cognitive DT or complex training. Increased involvement of cognitive resources for performing motor tasks in older adults has become a well-known phenomenon,[@b52-cia-11-1287] and it justifies the use of more ecological DTs that involve both a physical component and a cognitive component. Motor-cognitive DT training is assumed to stimulate brain activity in areas responsible for performing both tasks at once, which would lead to training-induced improvements in the learned DT,[@b89-cia-11-1287] that may also transfer to similar untrained task. Some studies already attempted this type of combined training and reported promising results.[@b90-cia-11-1287],[@b91-cia-11-1287] However, the demonstration of superior benefits of simultaneous training compared to sequential training still remains to be done.[@b92-cia-11-1287] A trial comparing directly sequential and simultaneous training is in preparation[@b89-cia-11-1287] and would help clarify the relative benefits as well as the extent of transfer effects in each type of combined training.

Future studies are also needed to examine the optimal duration, frequency, and intensity of physical and cognitive training that are required to boost cognitive functioning in older adults. A better understanding of this dose--response relationship could also help implementing optimal conditions to observe potential synergetic effects of physical and cognitive training. Furthermore, inclusion of neuroimaging as well as blood analyses would be a crucial way to find biomarkers that can elucidate the relationship between physical and cognitive training effects on the aging brain.

Conclusion
==========

This study examined the effects of a 12-week combined physical and cognitive intervention on fitness and neuropsychological outcomes in community-dwelling older adults. The hypothesis that the combined intervention would lead to better executive functioning than either intervention alone was not verified. However, main effects of time were observed on functional capacity measures as well as on speed of processing and inhibition, suggesting that physical and cognitive abilities that are crucial for independent living in the elderly can benefit from various types of intervention. These findings further support the notion that different preventive approaches may be useful to counteract some of the age-related cognitive decline. In addition, this study reported interesting transfer effects of DT training on task-switching abilities. Further studies are still necessary to disentangle the relative contribution of each type of training on specific cognitive functions, to clarify the dose--response relationship between physical training and cognitive enhancement, to directly compare sequential vs simultaneous combined training, and to identify underlying physiological mechanisms that are responsible for the observed effects.
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###### 

Baseline characteristics of participants

  Characteristics                AR training (n=38)   ST exercises (n=38)   *P*-value                                                                        
  ------------------------------ -------------------- --------------------- ------------- ------------- ---------------------------------------------------- -------
  Age (years)                    72.7 (7.4)           70.9 (7.4)            73.2 (6.3)    72.5 (7.0)    0.521                                                0.452
  Sex (Female/Male)              13/9                 8/8                   17/3          15/3          n/a                                                  n/a
  Education (years)              14.4 (2.8)           15.9 (2.1)            14.1 (4.3)    14.1 (3.8)    0.178                                                0.367
  CVR (score)                    2.1 (1.7)            1.7 (1.2)             2.5 (1.5)     2.3 (1.3)     0.153                                                0.365
  GDS (score)                    4.6 (3.3)            4.4 (2.6)             3.4 (3.2)     2.7 (2.9)     0.048[\*](#tfn1a-cia-11-1287){ref-type="table-fn"}   0.574
  Cognitive screening measures                                                                                                                               
   MMSE (score)                  28.8 (1.3)           28.8 (1.0)            29.4 (0.7)    28.5 (1.4)    0.616                                                0.128
   Similarities (score)          23.4 (4.5)           22.2 (4.8)            22.0 (4.7)    22.3 (5.7)    0.548                                                0.694
   Digit span-forward (score)    9.3 (1.8)            9.5 (1.9)             9.3 (2.4)     9.0 (2.5)     0.608                                                0.907
   Digit span-backward (score)   6.1 (1.6)            6.6 (1.8)             7.0 (2.3)     5.9 (1.6)     0.773                                                0.461
   DSST (score)                  58.5 (12.1)          60.3 (18.7)           54.9 (13.1)   57.0 (14.9)   0.307                                                0.563

**Notes:** Data presented as mean (standard deviation) unless stated otherwise.

*P*\<0.05.

**Abbreviations:** AR, aerobic and resistance; CVR, cardiovascular risk; CL, computer lessons; DSST, digit symbol substitution test; DT, dual-task; GDS, geriatric depression scale; MMSE, mini-mental state evaluation; n/a, not available; ST, stretching and toning.

###### 

Mean and SD of physical performance measures

  Measures                                                                                                                                                                                                                                                                                                                                                                                              AR training (n=38)   ST exercises (n=38)                                                                              
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------- --------------------- -------------- -------------- -------------- -------------- -------------- --------------
  Handgrip strength (kg)[a](#tfn4-cia-11-1287){ref-type="table-fn"},[\*\*\*](#tfn10-cia-11-1287){ref-type="table-fn"}                                                                                                                                                                                                                                                                                   42.3 (16.4)          41.7 (19.3)           49.9 (15.8)    50.2 (16.0)    34.6 (10.5)    33.9 (9.9)     37.4 (12.8)    36.1 (10.3)
  TUG (seconds)                                                                                                                                                                                                                                                                                                                                                                                         6.9 (1.2)            6.2 (0.9)             6.6 (1.7)      6.2 (0.9)      7.5 (1.7)      7.0 (1.5)      6.7 (1.1)      6.1 (0.8)
  Chair stands (nb)[a](#tfn4-cia-11-1287){ref-type="table-fn"},[\*\*\*](#tfn10-cia-11-1287){ref-type="table-fn"};[b](#tfn5-cia-11-1287){ref-type="table-fn"},[\*](#tfn8-cia-11-1287){ref-type="table-fn"};[c](#tfn6-cia-11-1287){ref-type="table-fn"},[\*\*\*](#tfn10-cia-11-1287){ref-type="table-fn"};[d](#tfn7-cia-11-1287){ref-type="table-fn"},[\*\*\*](#tfn10-cia-11-1287){ref-type="table-fn"}   13.9 (3.3)           20.2 (5.2)            13.0 (2.9)     18.9 (7.3)     11.0 (3.4)     12.4 (3.5)     13.8 (3.9)     16.3 (5.2)
  6-MWT (m)[c](#tfn6-cia-11-1287){ref-type="table-fn"},[\*\*](#tfn9-cia-11-1287){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                   501.2 (68.7)         535.4 (71.7)          532.3 (74.3)   566.4 (91.8)   499.1 (85.9)   515.0 (77.8)   502.2 (69.7)   533.5 (64.3)
  PPT (score)[c](#tfn6-cia-11-1287){ref-type="table-fn"},[\*\*](#tfn9-cia-11-1287){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                 32.4 (2.4)           34.2 (1.9)            31.9 (3.5)     33.6 (1.8)     31.5 (2.1)     32.8 (2.1)     32.4 (2.8)     33.3 (3.2)

**Notes:** Data presented as mean (standard deviation).

Physical training main effect;

Physical training × cognitive training interaction;

Time main effect;

Time × physical training interaction:

*P*\<0.05;

*P*\<0.01;

*P*\<0.001.

**Abbreviations:** AR, aerobic and resistance; CL, computer lessons; DT, dual-task; 6-MWT, 6-minute walk test; PPT, physical performance test; ST, stretching and toning; TUG, timed up and go.

###### 

Mean and SD of neuropsychological measures

  Measures                                                                                                                AR training (n=38)   ST exercises (n=38)                                                                              
  ----------------------------------------------------------------------------------------------------------------------- -------------------- --------------------- -------------- -------------- -------------- -------------- -------------- --------------
  Memory                                                                                                                                                                                                                                        
   RAVLT-total 5 trials (nb)                                                                                              50.3 (9.6)           47.4 (8.4)            47.6 (10.0)    47.8 (9.9)     51.3 (10.1)    48.7 (9.5)     52.3 (10.3)    51.9 (8.8)
   RAVLT-immediate recall (nb)                                                                                            10.2 (3.3)           8.9 (3.1)             10.3 (2.8)     8.8 (3.5)      10.6 (2.5)     10.0 (3.1)     10.9 (3.0)     9.8 (3.0)
   RAVLT-delayed recall (nb)                                                                                              10.6 (3.6)           9.2 (2.7)             9.6 (3.1)      9.4 (3.3)      11.2 (2.5)     9.8 (2.6)      11.8 (2.9)     10.4 (3.3)
  Processing speed                                                                                                                                                                                                                              
   CWIT-color naming (seconds)                                                                                            31.6 (6.0)           31.6 (6.4)            32.7 (7.0)     33.2 (7.3)     32.4 (6.0)     30.6 (4.3)     32.9 (8.5)     32.9 (11.2)
   CWIT-reading (seconds)                                                                                                 21.9 (3.1)           21.4 (2.8)            22.9 (4.6)     23.0 (4.5)     22.4 (3.0)     22.7 (3.2)     23.0 (3.9)     23.0 (4.5)
   TMT-part A (seconds)[a](#tfn13-cia-11-1287){ref-type="table-fn"},[\*\*](#tfn16-cia-11-1287){ref-type="table-fn"}       39.2 (10.6)          34.8 (7.4)            36.4 (10.2)    35.3 (11.1)    43.8 (14.6)    37.1 (8.7)     38.7 (10.7)    37.1 (11.6)
   BDT-single task (Xs)                                                                                                   161.6 (24.1)         168.6 (23.2)          152.1 (29.1)   156.7 (27.8)   155.3 (21.2)   160.2 (18.7)   155.1 (29.5)   160.6 (27.4)
  Executive functions                                                                                                                                                                                                                           
   CWIT-inhibition (seconds)[a](#tfn13-cia-11-1287){ref-type="table-fn"},[\*](#tfn15-cia-11-1287){ref-type="table-fn"}    61.1 (13.9)          59.2 (12.4)           62.9 (15.2)    60.5 (11.7)    68.3 (22.0)    64.6 (22.0)    67.7 (22.4)    64.2 (15.4)
   CWIT-switching (seconds)[b](#tfn14-cia-11-1287){ref-type="table-fn"},[\*\*](#tfn16-cia-11-1287){ref-type="table-fn"}   68.1 (28.0)          63.8 (13.4)           61.7 (13.6)    64.9 (16.4)    71.3 (24.1)    66.0 (22.5)    65.8 (11.3)    67.6 (16.3)
   TMT-part B (seconds)                                                                                                   95.0 (27.8)          90.8 (23.9)           84.6 (24.6)    80.4 (14.5)    95.8 (58.3)    90.1 (42.2)    89.0 (30.3)    96.6 (42.1)
   BDT-DT index                                                                                                           45.9 (10.1)          43.2 (19.6)           39.3 (16.4)    45.5 (10.2)    43.7 (15.2)    48.5 (9.0)     45.8 (9.1)     46.8 (8.8)

**Notes:** Data presented as mean (standard deviation).

Time main effect;

Time × cognitive training interaction:

*P*\<0.05 and

*P*\<0.01.

**Abbreviations:** AR, aerobic and resistance; BDT, Baddeley DT; CL, computer lessons; CWIT, Color-Word Interference Test; DT, dual-task; nb, number of words; RAVLT, Rey Auditory-Verbal Learning Test; ST, stretching and toning; TMT, trail-making test; Xs, number of Xs.

###### 

Summary of multiple hierarchical regression analyses predicting neuropsychological scores at posttest

  Factors                  Model 1                                                      Model 2                                                                                                                                  
  ------------------------ ------------------------------------------------------------ --------- -------------------------------------------------------- ------------------------------------------------------------ -------- ------------------------------------------------------
  TMT-A (post)                                                                                                                                                                                                                   
   Age                     0.390                                                        0.284     0.015[\*](#tfn18-cia-11-1287){ref-type="table-fn"}       0.303                                                        0.221    0.090
   Education               0.076                                                        0.027     0.813                                                    0.264                                                        0.094    0.428
   Sex                     −0.529                                                       −0.026    0.824                                                    −1.032                                                       −0.050   0.672
   Chair stands                                                                                                                                            0.295                                                        0.189    0.160
   6-MWT                                                                                                                                                   −0.004                                                       −0.036   0.801
   PPT                                                                                                                                                     −1.206                                                       −0.292   0.052
                           *R*^2^=0.082                                                                                                                    *R*^2^=0.148                                                          
                           *F*=2.115                                                                                                                       Δ*R*^2^=0.066                                                         
                                                                                                                                                           *F*=1.964                                                             
  CWIT-inhibition (post)                                                                                                                                                                                                         
   Age                     0.604                                                        0.264     0.022[\*](#tfn18-cia-11-1287){ref-type="table-fn"}       0.409                                                        0.178    0.168
   Education               −0.699                                                       −0.149    0.192                                                    −0.595                                                       −0.127   0.283
   Sex                     3.322                                                        0.097     0.395                                                    5.239                                                        0.153    0.198
   Chair stands                                                                                                                                            −0.260                                                       −0.100   0.454
   6-MWT                                                                                                                                                   −0.046                                                       −0.222   0.116
   PPT                                                                                                                                                     0.594                                                        0.087    0.557
                           *R*^2^=0.096                                                                                                                    *R*^2^=0.142                                                          
                           *F*=2.535                                                                                                                       Δ*R*^2^=0.046                                                         
                                                                                                                                                           *F*=1.899                                                             
  CWIT-switching (post)                                                                                                                                                                                                          
   Age                     1.153                                                        0.466     0.000[\*\*\*](#tfn20-cia-11-1287){ref-type="table-fn"}   0.782                                                        0.316    0.006[\*\*](#tfn19-cia-11-1287){ref-type="table-fn"}
   Education               −0.859                                                       −0.170    0.106                                                    −0.504                                                       −0.010   0.332
   Sex                     3.138                                                        0.084     0.417                                                    5.638                                                        0.152    0.140
   Chair stands                                                                                                                                            0.047                                                        0.017    0.884
   6-MWT                                                                                                                                                   −0.082                                                       −0.366   0.003[\*\*](#tfn19-cia-11-1287){ref-type="table-fn"}
   PPT                                                                                                                                                     −0.298                                                       −0.040   0.753
                           *R*^2^=0.244                                                                                                                    *R*^2^=0.358                                                          
                           *F*=7.729[\*\*\*](#tfn20-cia-11-1287){ref-type="table-fn"}                                                                      Δ*R*^2^=0.114                                                         
                                                                                                                                                           *F*=6.403[\*\*\*](#tfn20-cia-11-1287){ref-type="table-fn"}            

**Notes:**

*P*\<0.05;

*P*\<0.01;

*P*\<0.001.

**Abbreviations:** CWIT, Color-Word Interference Test; 6-MWT, 6-minute walk test; PPT, physical performance test; TMT-A, trail-making test-part A.
